The present paper describes control of wingtip vortices generated by vertical type wind turbine. The wind turbine consists of three circular cylinders. Each cylinder rotates on its own vertical axis and moves in orbit. It is known that wingtip vortices give rise to decrease of power generation performance as well as aerodynamic noise. Therefore, the goal of the study is to control wingtip vortices and to improve power generation performance. Numerical study was conducted for 14 models to find out control factors to suppress wingtip vortices. Numerical simulation visualized wingtips by streamlines as well as pressure distribution on the circular cylinder for evaluating Magnus effect. As a result, the following findings were obtained: 1) Installation of fully covered protection plates at both ends of the circular cylinder blades is greatly effective to suppress the wingtip vortices. 2) Curved wings attached to each cylinder are more effective to enhance power generation efficiency than flat ones, due to great increase in Magnus effect caused by large pressure difference on both sides of the curved wing. The power efficiency of the optimized model was improved up to 2.8%, which means 11 times that of the original model.
To solve these problems, a new type of wind turbine equipped with circular cylinders is recently increasing in number. Takahashi et al. [3] - [8] had investigated the theory of rotating the circular cylinder blade of a wind turbine using the lift force generated by the longitudinal vortex. This new type of wind turbine consists only of the circular cylinder blade and a ring plate behind the cylinder blade. Therefore it has a very simple structure and sufficient strength, compared with the conventional propeller blades.
The wind turbine in interest consists of three circular cylinders. Each cylinder rotates on its own vertical axis and moves in the orbit. Compared with wind turbines with propellers, wind turbines with cylinder blades have sufficient higher rigidity. However, it is known that wingtip vortices give rise to decrease of power generation capacity as well as aerodynamic noise. Wingtip vortices shedding from a front cylinder interfere with a rear cylinder and the interference cause surface pressure distributions on the rear cylinder as shown in Figure 1 . This leads to lowering Magnus forces which cause deteriorating the power efficiency.
Although there are many papers regarding wind turbines with circular cylinders, few papers describe the configuration of circular cylinders to improve the power performance. 
Numerical Analysis

Numerical Method
Numerical study uses the software STAR-CCM+ with software V11.04.012. The numerical simulation was performed by unsteady airflow analysis. The study employs turbulent model of RANS (Reynolds Averaged Navier-Stokes) and LES (Large Eddy Simulation). The numerical simulation was conducted by DES (Detached Eddy Simulation) [9] which consists of RANS and LES. In the flow region in the vicinity of an obstacle, RANS was used to reduce the simulation time, neglecting small eddies by averaging the unsteady separated flow close to the object. In the other simulation region LES was used to calculate the unsteady vortical flow directly.
Prism Layer Mesh
The prism layer mesh model [10] is employed with a core volume mesh to generate orthogonal prismatic cells next to wall surfaces or boundaries. This layer of cells is necessary to improve the accuracy of the flow solution. Prism layers can resolve near wall flow accurately, which is critical in determining flow features such as separation. Separation in turn affects integral results such as drag or pressure drop. Accurate prediction of these flow features depends on resolving the velocity gradient normal to the circular cylinder surface. The gradient is much steeper in the viscous sublayer of a turbulent boundary layer than would be implied by taking gradient from a coarse mesh. Figure 2 shows the prism layer in the vicinity of the circular cylinder surface. The number of prism layer is 2 and its thickness is 2 mm. The prism layer meets two criteria; one is that the turbulent viscosity ratio has its peak value within the prism layer and the other is that the prism layer has smooth connection with outer mesh region. 
Analytical Condition
For unsteady analysis, time step is 0.05 s and the number of an internal iteration is ten. The Magnus wind turbine was installed in the uniform flow whose speed is 10 m/s. This is due to the fact that although the speed is a little high when compared with the average wind speed in Japan, the wind turbine is expected to operate even in the circumstance of attack of typhoon.
Reynolds number is defined in Equation (1) respectively. The tiny test area has the finest mesh to simulate the shedding wing tip vortices accurately.
Mesh Generation
The study adopted the overset mesh region [13] . Overset mesh can be especially useful in cases involving large relative motion between components.
Compared to remeshing, overset mesh allows greater control of local mesh characteristics as the geometry moves through the domain, because individual mesh zones need not deform to accommodate moving geometry. Overset mesh can allow optimization of local cell types and quality, reduce computation time, or simplify model setup. Owing to this function, generated mesh region can move independently without any restriction on the background mesh. Figure 6 shows the overset mesh region close to the cylinder. The overset mesh covers Area Cylinder 1, 2, and 3 which has 0.009 m. When the reference mesh size is taken as 0.01 m, the relative percentage becomes 90%.
Analytical Model
To find out control factors which can suppress wingtip vortices, fourteen numerical models from A to Q were produced. [ ] [ ] 1 1000 N m 2π 60
 Power efficiency η
Power efficiency η is given as Equation (4) by dividing output W with motion energy Q of the wind. for model Q it is recognized that the fully covered protection plates successfully prevent wingtip vortices from interfering with the end of the circular cylinder.
Numerical Results and Discussion
Performance Improvement
Effect of Protection Plates
Since pressure loss on the wing surface was not induced by wingtip vortices, sufficient lift forces due to Magnus effect can be obtained. 
Effect of Curved Wings
Conclusions
The paper aims to control wingtip vortices to improve power generation capacity. As a result, following findings were obtained. Numerical study was conducted for 14 models to find out control factors to suppress wingtip vortices. Numerical simulation visualized wingtips by streamlines as well as pressure distribution on the circular cylinder for evaluating Magnus effect. As a result, the following findings were obtained. 1) Installation of fully covered protection plates at both ends of the circular cylinder blades is greatly effective to suppress the wingtip vortices.
2) Curved wings attached to each cylinder are more effective to enhance power generation efficiency than flat ones, due to great increase in Magnus effect caused by large pressure difference on both sides of the curved wing.
The power efficiency of the optimized model was improved up to 2.8%, which means 11 times that of the original model.
